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1. FIELD OF THE INVENTION toA^^-jgo^ 




This invention relates to a method of enhancing the a^'vi^I^f SigrwtufB 
lysosomal a-Galactosidase A (a-Gai A) in mammalian cells and for 
treatment of glycosphingolipid storage diseases, in particular Fabry disease, 
by administration of 1-deoxy-galactonojirimycin and related compounds. 



2. BACKGROUND INFORMATION 

Fabry disease (1) is a glycosphingolipid lysosomal storage disease 
caused by an X-linked inherited deficiency of lysosomal a-galactosidase A 
(a-Gal A), an enzyme responsible for the hydrolysis of terminal 
a-galactosyl residue jfrom glycosphingolipids. A deficiency in the enzyme 
activity results in a progressive deposition of neutral glycosphingolipids, 
predominantly globotriaosylceramide (ceramide trihexoside, CTH), in 
vascular endothelial cells causing renal failure along with premature 
myocardial infarction and strokes in patients with this condition (2). This 
disorder is classified by clinical manifestations into two groups: a classic 
form with generalized vasculopathy and an atypical variant fomii^; with 
clinical manifestations limited to heart. Recently, the atypical variant of the 
disease was found in 10% of adult male patients with unexplained left 
ventricular hypertrophy, increasing the estimation of frequency for the 
disorder (3). Like other glycosphingolipid lysosomal storage diseases, 
enzyme replacement therapy, 



- gene therapy, bone marrow transplantation, and substrate deprivation are 
suggested as potential strategies for the treatment of this disease (4). 
However, at the moment the only treatment for this disorder is symptomatic 
management. Therefore, development of a new therapeutic strategy for this 
disease is urgently needed. 

Studies (5) on residual a-Gal A activity of mutant enzymes revealed 
that some of mutant enzymes have similar kinetic properties to normal a- 
Gal A but with significant instability. This is considered as the case for 
most of atypical variant patients who generally showed higher residual a- 
Gal A activity than classical Fabry patients. For example (6), a purified 
mutant ^-Gal A with a genotype of Q279E, found in a patient with atypical 
variant of Fabry disease, had the same lOw and Vmax as the normal 
enzyme, but lost most of the enzyme activity by incubating the enzyme at 
pH 7.0 at 37°C for 30 min while the normal enzyme was stable under the 
same condition. Both mutant and normal enzymes were stable at pH 5.0 at 
37°C. Furthermore, the majority of the mutant enzyme protein in cells 
formed aggregate in endoplasmic reticulum (ER) and was quickly degraded 
(7), suggesting that the deficiency of the enzyme activity in this mutant 
maybe primarily caused by the unsuccessftil exit of ER leading to excessive 
degradation of the enzyme protein. The present invention focuses on the 
aid of smooth escape of the enzyme fi:-om ER to prevent the degradation of 
the mutant enzyme. 



SUMMARY OF THE INVENTION 
The strategy of the invention is based on the following model. The 



mutant enzyme protein tends to fold in an incorrect conformation in ER 
where the pH is around 7. As a result, the enzyme is retarded from the 
normal transport pathway from ER through the Golgi apparatus and 
endosome to the lysosome, but instead is subjected to degradation. On the 
other hand, the enzyme protein with a proper conformation is transported to 
the lysosome smoothly and remains in an active form because the enzyme is 
more stable at a pH of less than 5. Therefore, a compound which is able to 
induce a proper conformation in mutant enzyme may serve as an enhancer 
for the enzyme. The present inventors have unexpectedly found that strong 
competitive inhibitors for a-Gal A at low concentrations enhance the mutant 
enzyme activity in cells, including mutant a-Gal A gene transfected COS-1 
cells, fibroblasts from a transgenic mouse overexpressing mutant a-Gal A, 
and lymphoblasts from Fabry patients. 

It is noted that while the above is believed to be the mechanism of 
operation of the present invention, the success of the invention is not 
dependent upon this being the correct mechanism. 

Accordingly, it is one object of the present invention to provide a - 
method of preventing degradation of mutant a-Gal A in mammalian cells, 
particularly in human cells. 

It is a further object of the invention to provide a method of 
enhancing a-Gal A activity in mammaUan cells, particularly in human cells. 
The methods of the present invention enhance the activity of both normal 
and mutant a-Gal A, particularly of mutant a-Gal A which is present in 
certain forms of Fabry disease. 

In addition, the methods of the invention are also expected to be 



useful in nonmammalian cells, such as, for example, cultured insect cells 
and CHO cells which are used for production of a-Gal A for enzyme 
replacement therapy. 

Compounds expected to be effective in the methods of the invention 
are galactose and glucose derivatives having a nitrogen replacing the oxygen 
in the ring, preferably galactose derivatives such as 1- 
deoxygalactonojirimycin and 3,4-diepi-a-homonojirimycin. By galactose 
derivative is intended to mean that the hydroxyl group at the C-3 position is 
equatorial and the hydroxyl group at the C-4 position is axial, as 
represented, for example, by the following structures: 



wherein Rj represents H, methyl or ethyl; and R3 independently represent 
H, OH, a simple sugar (e.g. -0-galactose), a 1-3 carbon alkyl, alkoxy or 
hydroxyalkyl group (e.g. CHjOH). 

Other specific competitive inhibitors for a-galactosidase, such as for 
example, calystegine A3, B2 and B3, and N-methyl derivatives of these 
compounds should also be usefiil in the methods of the invention. The 
calystegine compounds can be represented by the formula 
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or 



R2 



R3 



wherein for calystegine A3: R, = H, = OH, R3 = H, R4 = H; for 
calystegine 83: R, = H, Rj = OH, R3 = H, R^ = OH; for calystegine B3: R, 
= H, R2 = H, R3 = OH, R4 = OH; for N-methyl-calystegine A3: R, = CH3, 
R2 = OH, R3 = H, R4 = H; for N-methyl-calystegine B2: R, = CH3, R2 = 
OH, R3 - H, R4 = OH; and for N-methyl-calystegine B3: Rj = CH3, R2 = H, 
R3 = OH, R4 = OH. 

It is yet a further object of the invention to provide a method of 
treatment for patients with Fabry disease. Administration of a 
pharmaceutically effective amount of a compound of formula 



R, represents H, CH3 or CH3CH2; 

R2 and R3 independently represent H, OH, a 1-6 carbon alkyl, 
hydroxyalkyl or alkoxy group (preferably 1-3), or a simple sugar; 
R4 and R5 independently represent H or OH; 
or a compound selected from the group consisting of 2,5-dideoxy-2,5-imino- 
D-mannitol, a-homonojirimycin, 3,4-diepi-a-homonojirimycin, 5-0-a-D- 
galactopyranosyl-a-homonojirimycin, 1 -deoxygalactonojirimycin, 4-epi- 
fagomine, and 1-Deoxy-nojirimycin and their N-alkyl derivatives, will 
alleviate the symptoms of Fabry disease by increasing the activity of mutant 
a-Gal A in patients suffering from Fabry disease. Other competitive 
inhibitors of a-Gal A, such as calystegine compounds and derivatives 
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R3 



wherein 



thereof should also be useful for treating Fabry disease. 

Persons of skill in the art will understand that an effective amount of 
the compounds used in the methods of the invention can be determined by 
routine experimentation, but is expected to be an amount resulting in serum 
levels between 0.01 and 100 |iM, preferably between 0.01 and 10 ^iM, most 
preferably between 0.05 and 1 ^iM. The effective dose of the compounds is 
expected to be between 0.5 and 1000 mg/kg body weight per day, 
preferably between 0.5 and 100, most preferably between 1 and 50 mg/kg 
body weight per day. The compounds can be administered alone or 
optionally along with pharmaceutically acceptable carriers and excipients, in 
preformulated dosages. The administration of an effective amount of the 
compound will result in an increase in a-Gal A activity of the cells of a 
patient sufficient to improve the symptoms of the patient. It is expected 
that an enzyme activity level of 30% of normal could significatly improve 
the symptoms in Fabry patients, because the low range of enzyme activity 
found in apparently normal persons is about 30% of the average value (2). 

Compounds disclosed herein and other competitive inhibitors for a- 
Gal A which will be known to those of skill in the art will be useful 
according to the invention in methods of enhancing the intracellular activity 
of a-Gal A and treating Fabry disease. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. lA-lC. In vitro inhibition (lA) and intracellular enhancement (IB and 
IC) of a-Gal A by alkaloid compounds. The alkaloid compounds used 
were: (1) 2,5-Dideoxy-2,5-imino-D-mannitol, (2) a-Homonojirimycin, (3) 
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3,4-Di€rp/-a-homonojirimycin, (4) 5-0-a-D-Galactopyranosyl-a- 
homonojirimycin, (5) 1-deoxygalactonojirimycin, (6) 4-epi-Fagomine, (7) 1- 
Deoxy-nojirimycin, (Gal) Galactose. The intracellular a-Gal A activity in 
COS-1 cells transfected by cDNA of a mutant a-Gal A (R301Q) was 
assayed as described in "Methods". (A) The inhibition assay was 
performed under the Methods. IC^o's of the compounds were 1.3 mM (1), 
2.6 mM (2), 2.9 fiM (3), 0.62 mM (4), 4.7 nM (5), 0.25 mM (6), 0.8 mM 
(7), and 24 mM (Gal, galactose), respectively. 

Fig. 2A-2B. Enhancement of a-Gal A by DGJ in fibroblasts derived from 
Tg mice (2A) and lymphoblasts derived from Fabry patients (2B). 

Fig. 3. Time courses of enhancement of a-Gal A by DGJ in TgM 
fibroblasts (A) and lymphoblasts (B). The cell cultures were performed 
under the Methods section. DGJ concentration added was 20 ixM. The 
genotype of the human lymphoblasts was R301Q. mutant cell cultured 
without DGJ; o, mutant cell cultured with DGJ; a, normal lymphoblast 
cultured without DGJ; a, normal lymphoblast cultured with DGJ. 

Fig. 4. DGJ concentration dependence of a-Gal A enhancement in 
transfected COS-1 cells (A), TgM fibroblasts (B) and lymphoblasts with a 
genotype of R301Q (C). The cells were cultured at 37'*C in Ham's F-10 
medium (COS-1 cells, TgM fibroblasts) or RPMI-1640 medium 
supplemented with 10% FCS (lymphoblasts) containing DGJ at a variable 
concentration for 4 days. The cDNA transfected into COS-1 cells encoded 



a mutant a-Gal A (R301Q). 

Fig. 5. DE-HNJ concentration dependence of a-Gal A enhancement in 
transfected COS-1 cells. 

Fig. 6. Stabilization of DGJ enhanced a-Gal A in lymphoblasts. 

A, R301Q lymphoblasts cultivated without DGJ; a, R301Q lymphoblasts 

cultivated with DGJ. 

Fig. 7. TLC analysis of metabolism of [*^C]-CTH in TgN fibroblasts 
cultured with DGJ. The TgN fibroblasts were cultured at 3TC in Ham's 
F-10 medium- 10% FCS containing DGJ at 0 (lane 1), 2 (lane 2) and 20 \\M 
(lane 3) for 4 days. After washing with the medium without DGJ, 
['^C]-CTH (200,000 cpm) in 2.5 ml of Opti-MEM medium (Gibco, 
Gaithersburg, MD U.S.A.) was added to the cells, and incubated for 5 hr. 
The cells were washed with 2 ml of 1% BSA and 2 ml of PBS three times 
each. The neutral glycolipids were extracted by CHCI3: MeOH (2:1), and 
purified by mild alkaline treatment, extraction with MeOH:n-hexane (1:1) 
and Folch extraction (19). 

Fig. 8A. Determination of mRNA of a-Gal A in mutant lymphoblasts 
(R301Q) cultured with DGJ. The human mutant lymphoblasts (R301Q) 
were cultured with or without 50 |iM DGJ for 4 days. The mRNAs of a- 
Gal A were determined by a compeititve RT-PCR method (15). 
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Fig. 8B. Western blot of mutant a-Gal A (R301Q) expressed in TgM 
fibroblasts. The supernatant of cell homogenate containing 10 |ig protein 
was applied to SDS-PAGE, and Western blot was performed with an anti-a- 
Gal A antibody raised in rabbit. 

Fig. 9. Percoll density-gradient centrifugation with TgM fibroblasts (A), 
TgM fibroblasts cultured with 20 ixM DGJ (B), and TgN fibroblasts (C). 
The Percoll density-gradient centrifugation was performed with density 
markers (Sigma Chemical Co., St, Louis, MO, U.S.A.) as previously 
described by Oshima et al. (8). p-Hexosaminidase, a lysosomal marker 
enzyme, was assayed with 4-methylumbelliferyl-p-N-actyl-D-glucosamine as 
substrate. Solid line, a-Gal A activity; broken line, p-hexosaminidase 
activity. 

Fig. 10. Enhancement of a-Gal A in transfected COS-1 cells by DGJ. The 
cDNA's transfected to COS-1 cells were a-Gal A's with the mutations on 
L166V, A156V, G373S and M296L DGJ concentration added was 20 /jM. 

Fig. 11. Enhancement of a-Gal A activity by administration of DGJ to TgM 
mice. DGJ solutions (0.05 mM or 0.5 mM) were placed as drink sources 
for TgM mice (four mice as a group). After 1 week administration, the 
organs were homogenized for the determination of the enzyme activity. The 
data were the subtraction of endogenous mouse a-Gal A activity obtained 
from non-Tg mice feeding with DGJ from the activity of TgM mice. The 
enzyme activities presented were the mean values and the standard 
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deviations were less than 10%. 



DETAILED DESCRIPTION OF THE INVENTION 
Abbreviations 

Abbreviations used herein are set forth belov^ for convenience: 
a-Gal A, human lysosomal a-galactosidase A; TgN mouse, a transgenic 
mouse overexpressing normal human lysosomal a-galactosidase A; TgM 
mouse, a transgenic mouse overexpressing a mutant human lysosomal a- 
galactosidase A with a single amino acid replacement of Arg at 301 position 
by Gin (R301Q); TgN fibroblast, fibroblast generated from a TgN mouse; 
TgM fibroblast, fibroblast generated from a TgM mouse; DGJ, 1-deoxy- 
galactonojirimycin; DE-HNJ, 3,4-di-e/7/-a-homonojirimycin; pNP-a-Gal, p 
nitrophenyl-a-D-galactoside; 4-mU-a-Gal, 4-methylumbelliferyl-a-D- 
galactoside; PCS, fetal calf serum; PBS, phosphate-buffered saline; BSA, 
bovine serum albumin; TLC, thin-layer chromatography; CTH, 
globotriaosylceramide or ceramide trihexoside; CDH, ceramide dihexoside; 
CMH, ceramide monohexoside; ER, endoplasmic reticulum. 

Materials and Methods 

Materials. Alkaloidal compounds were either purified from plants or 
partial chemical modified derivatives of the plant products (9). TgN and 
TgM mice were generated as previously reported (10, 11). TgN or TgM 
fibroblasts were established from TgN or TgM mouse as routine. Human 
lymphoblasts were Epstein-Barr virus-transformed lymphoblast lines from a 
normal adult or patients with Fabry disease (6). Normal and mutant a-Gal 
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A cDNAs for transient express in COS-1 cells were cloned as reported (12). 
a-Gal A for in vitro inhibition study of alkaloids was expressed and purified 
from the culture medium of Sf-9 cells infected by a recombinant 
baculovirus encoded normal a-Gal A gene (13). [*''C]-CTH was prepared 
by a combination of chemical and sphingolipid ceramide A^-deacylase 
reactions (14). 

Methods 

Cell culture, COS-1 cells, TgN and TgM fibroblasts were cultured 
in Ham's F-10 medium supplemented with 10% FCS and antibiotics. 
Lymphoblasts were cultured in RPMI-1640 with 10% FCS and antibiotics. 
All cell cultures were carried out at 37'C under 5% COj. As a model for 
fibroblasts and lymphoblasts, cells (3 x 10^ for fibroblasts and 5 x 10^ for 
lymphoblasts) were cultured in 10 ml of the preferred medium with or 
without DGJ at 20 |aM for 4 days before taken to the assay for intracellular 
enzyme activity. 

Transient expression of a-Gal A in COS-1 cells, COS-1 cells (5 x 
10^) were transfected with 1 fag of plasmid DNA and 8 |il Lipofectamine 
(Gibco, Gaithersburg, MD U.S.A.) in 1.2 ml Opti-MEM medium (Gibco) 
per 60-mm dish. After incubating at 37°C for 6 hr, 1.2 ml of the same 
medium containing 20% FCS was added and the culture was incubated 
overnight. After replacing the medium with 2.4 ml complete Ham's F-10 
medium, alkaloid was added at an appropriate concentration, and further 
incubated for 1 day, before taken to the assay for intracellular enzyme 
activity. 
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Intracellular enzyme assay for ct-Gal A. After washing with 
phosphate-buffered sahne twice, the cells were homogenized in 200 ^1 of 
H2O, and 10 |il of the supernatant obtained by centrifugation at 10,000 x g 
was incubated at 3TC with 50 \x\ of the substrate solution composed by 6 
mM 4-mU-a-Gal and 90 mM A^-acetylgalactosamine in O.I'M citrate buffer 
(pH 4.5) for the enzyme assay. All the data are the averages of triplicate 
measurements with standard deviation less than 10%. One unit of enzyme 
activity was defined as one nmol of 4-methylumbelliferone released per 
hour at 37°C. 

In vitro inhibition assay of a-Gal A. The enzyme activity was 
assayed with pNP-a-Gal as substrate. A typical inhibition reaction was 
performed in a mixture of 200 nmol pNP-a-Gal, appropriate enzyme and 
inhibitor in a total volume of 120 \i\ with 0.05 M citrate buffer (pH 4.5). 
After incubation at 2>TC for 15 min, the reaction was terminated by 
addition of 1 ml of 0,2 M borate buffer (pH 9.8), and the amount of pNP 
released was measured as the absorbance at 490 nm. 

Example 1 

A series of plant alkaloids (Scheme 1, ref 9) were used for both in 
vitro inhibition and intracellular enhancement studies of a-Gal A activity. 
The results of inhibition experiments are shown in Fig. lA. 
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Among the tested compounds, 1-deoxy-galactonojirimycin (DGJ, 5) 
known as a powerful competitive inhibitor for a-Gal A, showed the highest 
inhibitory activity with IC50 at 4.7 nM. a-3,4-Di-epz-homonojirimycin.(3) 
was an effective inhibitor with IC50 at 2.9 ^M. Other compounds showed 
moderate inhibitory activity with IC50 ranging from 0.25 mM (6) to 2.6 mM 
(2). Surprisingly, these compounds also effectively enhanced a-Gal A 
activity in COS-1 cells transfected with a mutant a-Gal A gene (R301Q), 
identified from an atypical variant form of Fabry disease with a residual a- 
Gal A activity at 4% of normal. By culturing the transfected COS-1 cells 
with these compounds at concentrations cat 3 - 10-fold of IC50 of the 
inhibitors, a-Gal A activity was enhanced 1.5 - 4-fold (Fig. IC). The 
effectiveness of intracellular enhancement paralleled with in vitro inhibitory 
activity while the compounds were added to the culture medium at 10/xM 
concentration (Fig. IB). 

Example 2 

DGJ, the strongest inhibitor in vitro and most effective intracellular 
enhancer, was chosen for more detailed characterization. DGJ was added to 
the TgM or.TgN fibroblasts (Fig. 2A) and lymphoblasts derived from Fabry 
patients with genotypes of R301Q or Q279E mutations (Fig. 2B). The 
enzyme activity found in TgM fibroblasts increased 6-fold by co-cultivation 
with 20 )iM DGJ and reached 52% of normal. The DGJ also showed a 
similar effect on lymphoblasts in which the residual enzyme activity was 
enhanced by 8- and 7-fold in R301Q and Q279E, i. e., 48% and 45% of 
normal. The enzyme activity in Tg normal (TgN) fibroblasts and normal 
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lymphoblasts also showed an increase by cultivation with DGJ. 
Example 3 

The TgM fibroblasts and human lymphoblasts of normal and patient 
with a mutation on R301Q were cultured in the presence of DGJ at 20 |aM. 
In the cultures without DGJ, the a-Gal A activity in TgM fibroblasts or 
mutant lymphoblasts was unchanged (Fig. 3). However, by including DGJ, 
the enzyme activity showed significantly increase in these cell cultures. The 
enzyme activity in mutant lymphoblasts reached to 64% of those found in 
normal lymphoblasts cultured without DGJ at the fifth day. The enzyme 
activity in normal lymphoblasts was also enhanced 30% after cultivation 
with DGJ. 

Example 4 

DGJ concentration dependence of a-Gal A enhancement in 
transfected COS-1 cells, TgM fibroblasts and lymphoblasts with a 
phenotype of R301Q was examined. 

As shown in Fig. 4, the enzyme activity increased with the increase 
in the concentration of DGJ in the range of 0.2 - 20 fiM in transfected 
COS-1 cells (Fig. 4A) and lymphoblasts (Fig. 4C), and between 0.2 - 200 
^M in TgM fibroblasts (Fig. 4B), respectively. A higher concentration of 
DGJ suppressed the enhancement effect. 

DE-HNJ showed the same effect on the enhancement of a-Gal A in 
COS-1 cells transfected with a mutant cDNA of the enzyme (R301Q) at the 
higher concentrations (1-1000 jiM) compared with DGJ (Fig. 5). It is clear 
that DE-HNJ at 1 mM in culture medium did not inhibit intracellular 



enzyme activity of COS-1 cells. 
Example 5 

Figure 6 shows an experiment to measure stabilization of DGJ 
enhanced a-Gal A in lymphoblasts. The cells were cultured at 37°C in 10 
ml RPMI-1640 medium supplemented with 10% FCS containing DGJ at 20 
/iM for 4 days, and 5 x 10^ cells were transferred to 13 ml of RPMI1640 
with 10% FCS without DGJ. Two ml of the medium was taken each day for 
the enzyme assay. The initial surplus of the total a-Gal A activity between 
pre-cultivation with and without DGJ was maintained for 5 days after 
replacement of the medium without DGJ (Fig. 6), suggesting that the 
enhanced enzyme is stable in the cells for at least 5 days. 

Example 6 

To study the fimctioning of the enhanced enzyme in the cells, 
[*^C]-CTH was loaded to the culture of TgN fibroblasts. 

The determination of glycolipid was performed by thin-layer 
chromatography using CHCl3:MeOH:H20 (65:25:4) as a developing solvent, 
and visualized by a Fuji-BAS imaging system (Fig. 7). The amount of 
ceramide di-hexoside (CDH), a metabolic product of CTH by a-Gal A, was 
comparable between the cells cultivated with 20 fiM DGJ and without DGJ 
(4.5% vs. 4.3% of the total neutral glycolipids), indicating that the 
intracellular enzyme is not inhibited by DGJ at the concentration used. 
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Example 7 

In order to determine whether DGJ affects the biosynthesis of a-Gal 
A, the level of a-Gal A mRNA in mutant lymphoblasts (R301Q) cultured 
with DGJ were measured by a competitive polymerase chain reaction (PGR) 
method (15). Fig. 8A clearly shows that the mRNA of a-Gal A was 
unchanged by cultivation of lymphoblasts with 50 |iM of DGJ. 

On the other hand. Western blot analysis indicated a significant 
increase of the enzyme protein in TgM fibroblasts, and the increase 
corresponded to the concentration of DGJ (Fig. 8B). More enzyme protein 
with lower molecular weight (ca. 46 kD) in the cells cultivated with DGJ 
suggested the higher level of matured enzyme (16). These results indicate 
that the effect of DGJ on enhancement of the enzyme is a 
post-transcriptional event. 

Example 8 

To confirm the enhanced enzyme is transported to the lysosome, a 
sub-cellular fractionation was performed with Tg mice fibroblasts (Fig. 8). 
The overall enzyme activity in TgM fibroblasts was lower and eluted with a 
density marker of 1.042 g/ml which contained Golgi apparants fractions (20) 
(Fig. 9A). By cultivation with 20 /iM DGJ, the enzyme activity in TgM 
fibroblasts showed higher overall enzyme activity and the majority of the 
enzyme eluted with the same fraction of a lysosomal marker enzyme, 
p-hexosaminidase (Fig. 9B). The elution pattern of a-Gal A activity in 
TgM was also changed to those found in TgN fibroblasts (Fig. 9C). 
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Example 9 

The genotypes of R301Q and Q279E were found from patients with 
atypical type of Fabry disease. The effectiveness of DGJ on enhancement 
of a-Gal A activity was examined with other genotypes and phenotypes of 
Fabry disease. In this experiment, three mutant a-Gal A cDNA's, LI 66V, 
A156V and G373S found in patients with classical type of Fabry disease 
and a mutation of M296I found from patients with atypical form of the 
disease were used. Fig. 10 shows that the inclusion of DGJ increased 
enzyme activity in all four genotypes tested, especially for LI 66V (7-fold 
increase) and A156V (5-fold increase). The data indicated that this 
approach is useful not only for the atypical form, but also classical form of 
the disease. 

Example 10 

DGJ was administrated to Tg mice by feeding 0.05 or 0.5 mM DGJ 
solutions as drinking source for a week corresponding to the dosage of DGJ 
at approximate 3 or 30 mg per kilogram of body weight per day. The 
enzyme activity was elevated 4.8- and 18-fold in heart, 2.0- and 3.4- fold in 
kidney, 3.1- and 9.5-fold in spleen and 1.7- and 2.4-fold in liver, 
respectively (Fig. 11). The increase of the enzyme activity in organs 
responded to the increase of DGJ dosage. Since the mutant gene (R301Q) 
was found in atypical variant type Fabry patients which have clinical 
symptoms limited to heart, the fact that oral adiministration of DGJ 
specifically enhances the a-Gal A activity in the heart of TgM mouse is 
particularly significant. 
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DISCUSSION 

It is known that the ER possesses an efficient quality control system 
to ensure that transport to the Golgi complex is limited to properly folded 
and assembled proteins, and the main process of the quality control is 
enforced by a variety of chaperons (17). One explanation of the results 
presented in the present application is as follows: In some phenotypes of 
Fabry disease, the mutation causes imperfect, but flexible folding of the 
enzyme, while the catalytic center remains intact. Inhibitors usually have 
high affinity to the enzyme catalytic center, and the presence of the inhibitor 
affixes the enzyme catalytic center and reduces the flexibiHty of folding, 
perhaps leading to the "proper" conformation of the enzyme. As a result, 
the enzyme could be passed through the "quality control system", and 
transported to Golgi complex to reach maturation. Once the enzyme is 
transported to lysosome where the pH is acidic, the enzyme tends to be 
stable with the same conformation, because the enzyme is stable under the 
acidic condition (6). In such cases, the inhibitor acts as chaperon to force 
the enzyme to assume the proper conformation. We propose to use 
"chemical chaperon" as a term for such low molecular weight chemical with 
such functions. 

It is crucial for the functioning of the enzyme that the smooth 
dissociation of the compound from the enzyme catalytic center in lysosome 
could be taken. Since the compounds used in this study are competitive 
inhibitors, the dissociation of the inhibitors depends upon two factors: i) the 
inhibitor concentration, and ii) pH. Dale et al. (18) have shown that 
binding of 1-deoxynojirimycin to a-glucosidase is pH dependent where the 
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inhibitor bound to the enzyme 80-fold more tightly at pH 6.5 compared to 
pH 4.5, suggesting that the nojirimycin derivatives function as an 
unprotonated form. This may explain the results on the functioning of a- 
Gal A in cells shown in Fig. 7, because the inhibitor can bind to the enzyme 
at neutral condition, and release from the enzyme at the acidic condition 
where DGJ tends to be protonated. 

The results described herein show that DGJ can effectively enhance 
mutant a-Gal A activities in lymphoblasts of patients with atypical variant 
of Fabry disease with genotypes of R301Q and Q279E. The effectiveness 
of DGJ on other phenotypes of Fabry mutation including classical and 
atypical forms has also been examined. DGJ effectively enhanced the 
enzyme activity in all three genotypes of cell strains derived from patients 
diagnosed as atypical Fabry disease, and some of the cell strains with 
classical Fabry forms having high residual enzyme activity. According to 
the present invention, a strategy of administrating an a-Gal A inhibitor 
should prove to be an effective treatment for Fabry patients whose mutation 
occurs at the site other than catalytic center, and also should be useful for 
other glycosphingolipid storage diseases. 
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It will be appreciated that various modifications may be made in the 
invention as described above without departing from the scope and intent of 
the invention as defined in the following claims wherein: 



